AIM This study determined the prevalence of cholelithiasis and/or cholecystectomy in Rett syndrome, described gallbladder function in a clinical cohort, and identified recommendations for assessment and management of gallbladder disease.
INTERPRETATION Gallbladder disease is relatively common in RTT and should be considered in the differential diagnosis of abdominal pain in RTT.
Rett syndrome (RTT) is a severe neurodevelopmental disorder caused by mutations in the X-linked methylCpG-binding-protein-2 (MECP2) gene. 1 After a period of apparently normal early development, there is a period of regression including loss of purposeful hand use and/or language skills, and the development of distinctive hand stereotypies and impaired gait. There are also supportive criteria including poor growth, respiratory irregularities, and the development of scoliosis. 2 Many factors contribute to poor growth in RTT including altered oropharyngeal dysfunction and reduced food intake, 3, 4 and problems with gastroesophageal motility such as reflux and constipation. 5 Dysmotility may result from absent primary or secondary intestinal waves and the presence of tertiary intestinal waves as observed during videofluoroscopy, with concurrent delayed gastric emptying and atony. 3 In a recent questionnaire-based survey in the USA (n=983), feeding problems were reported in 81% and gastrointestinal problems in 92% of individuals with Rett syndrome. 6 Gastrointestinal dysfunction in RTT contributes to clinical severity and affects the daily lives of the females and their caregivers. 6 In general, gallstones are rare in childhood and adolescence, with estimated prevalence between 0% and 2% in the small number of studies undertaken. [7] [8] [9] [10] [11] [12] However, there appears to be a higher prevalence in particular populations of children, such as those with Down syndrome, with reported prevalences up to 25%. 13, 14 Clinical studies in Down syndrome indicate that the gallbladder is small with poor emptying after a meal, suggestive of hypomotility. 15 Table I summarizes the limited available literature relating to the prevalence of gallbladder disease in the general paediatric population and those with Down syndrome. In the US family survey, gallbladder disease was reported by parents of 3% of females with RTT 6 and has also been noted in single case reports of males 16 and females 17 with RTT.
Similar to Down syndrome, hypomotility of the gastrointestinal system in RTT could result in more frequent occurrence of gallbladder disease in comparison with the general paediatric population. However, the populationbased prevalence of gallbladder disease in RTT remains unknown.
Gallbladder disease can be a significant medical problem associated with severe abdominal pain but gallstones can remain asymptomatic. Moreover, 17% of children with gallstones detected with ultrasonography were symptomfree and 24% presented with non-specific abdominal pain. 8 Given the severe degree of intellectual impairment associated with RTT and the frequent difficulties carers and clinicians often have in identifying the cause of pain and other symptoms, 18 it is important to further investigate the prevalence of gallbladder disease in this population. It is also important to provide clinicians with recommendations to assist them in the timely management of this often forgotten gastrointestinal disorder.
There were three parts to this study. First, we investigated the occurrence of gallbladder disease using a population-based register and a large international sample; second, we assessed gallbladder function in a clinic sample of females with RTT; and, third, we report clinical recommendations for the assessment and management of gallbladder disease in RTT developed using consensus methods.
METHOD Part 1: Occurrence of gallbladder disease
Data were sourced from two databases: the Australian Rett Syndrome Database (ARSD) 19 and the International Rett Syndrome Phenotype Database (InterRett). 20 Initially established in 1993, the ARSD is an ongoing systematically ascertained, longitudinal population-based register of all individuals with Rett syndrome born in Australia since 1976. 19 For this study eligible cases were those who fulfilled the revised diagnostic criteria for RTT, 2 had a pathogenic MECP2 mutation, and whose caregivers had returned a questionnaire on registration and one or more biennial follow-up questionnaires. Age at questionnaire return, mutation type, and most recent height and weight were extracted from the database along with data to describe whether the individual had developed cholelithiasis, cholecystitis, or biliary dyskinesia, and when diagnosis was made. Contact was made with caregivers of individuals with a gallbladder disorder to confirm or refine the diagnosis.
InterRett was established in 2003 20 and is a phenotype database that contains information on RTT cases from multiple countries around the world. This analysis was restricted to individuals with a confirmed pathogenic mutation whose caregivers had completed a questionnaire. Specifically, families were asked if their child was diagnosed with any gallbladder or biliary disease. Age and mutation details were extracted from the database.
A binary variable was created to indicate the occurrence or otherwise of a diagnosis of gallbladder disease. To facilitate calculation of the incidence rate of gallbladder disease, the observation time or years of follow-up was determined for each individual. For those who had had gallbladder disease, the observation time was the age at diagnosis and, for the remainder, the age at return of last family questionnaire or age at death.
Statistical analyses
Incidence rates of gallbladder disease for the ARSD and InterRett cohorts were estimated by dividing the number of newly diagnosed cases by the sum of observation times for each individual at risk. Confidence intervals (CI) for incidence rates were calculated using the Poisson exact method.
Part 2: Gallbladder function in a clinic sample
This component of the study was performed at the Department of Paediatrics and Adolescent Medicine of the Medical University Vienna. Patients were recruited through an advertisement in the local newsletter of the Austrian Rett Syndrome Society. The families of 25 females with classic RTT responded and provided written consent for study participation. Data collection included feeding history and assessment of growth using stadiometry. Fasting blood samples were taken for evaluation of blood cell count, lipids, hepatic function, and clotting tests.
All individuals underwent abdominal ultrasonography in order to assess their gallbladder status in supine, left lateral decubitus, and sitting positions. Two examinations were performed: the first was done in a fasting condition (at least 4h) and a second scanning was conducted 30 minutes after the ingestion of a standard fatty meal (breakfast). Beside the detection of gallstones or sludge in the intrahepatic biliary tracts, pre-and postprandial gallbladder volume (fasting volume, residual volume, contraction index 15 ) and septums or kinking of the gallbladder were evaluated.
Statistical analyses
Body mass index (BMI, kg/m 2 ) was calculated from height and weight measurements. Computations of z scores for height, weight, and BMI were made using the US 2000 Center for Disease Control and Prevention Growth Charts. 21 Data were tabulated using standard descriptive statistics. Two sample Student's t-tests were performed to detect differences in fasting volume, residual volume and contraction index between this clinical sample What this paper adds
• Gallbladder disease occurs more frequently in those with RTT compared with the general population.
• Smaller gallbladder volumes and decreased contractility were found in RTT compared with healthy controls similar to those with Down syndrome.
• Gallbladder disease should be considered in the differential diagnosis of abdominal pain in Rett syndrome.
and control females and females with Down syndrome reported by Tasdemir. 15 The statistical analyses were conducted using STATA software, version 12 (StataCorp, College Station, TX, USA).
Part 3: Assessment and management guidelines
A literature search of electronic databases and online libraries of guidelines was undertaken using keywords of 'Rett syndrome', 'developmental disability', 'intellectual disability', 'comorbidity', and 'gallbladder'-related terms. The search was limited to full papers in English from 1986 to 2011. Statements relevant to the clinical assessment and management of gallbladder disease in RTT were extracted from the full text. Clinicians with experience with RTT from different countries in the disciplines of developmental paediatrics and child neurology, gastroenterology, paediatric surgery and clinical genetics were identified through networks of researchers, publications, and the Australian Rett Syndrome 19 and InterRett 20 Databases. Each was invited to participate in a Delphi study aiming to develop assessment and treatment recommendations for gastrointestinal issues in RTT including poor growth, gastroesophageal reflux, constipation, and abdominal bloating. 22 Of the 20 medical clinicians participating in the larger study, 17 (85.0%) participated in the section on gallbladder disease.
Referenced statements extracted from the literature were accompanied by a 5-point Likert scale for agreement rating (strongly agree, agree, neither agree or disagree, disagree, strongly disagree) with space for comments. The statements and questions were listed in a Microsoft Word document format and an online version was also created as previously described. 22 Consensus was attained when a minimum of 70% of responses were within one response category of the median response. 22 Response to the first round of the Delphi process informed the second set of items until consensus was reached. A level of evidence was applied to each item for which there was consensus: level 1 representing evidence from systematic reviews and randomized controlled trials, level 2 case control or cohort studies, level 3 case reports or case series, and level 4 expert opinion. 23 Ethical approval for Part 1 of the study was provided by the ethics committee of Princess Margaret Hospital in Western Australia (1909/EP). Part 2 was approved by the ethics committee of the Medical University Vienna. Part 3 was approved by the ethics committee of the University of Western Australia.
RESULTS

Part 1: Occurrence of gallbladder disease
There were 270 individuals from ARSD and 749 from InterRett with a pathogenic MECP2 mutation who were eligible for the study. The mean observation times were 16.2 years (SD 8.6y) and 10.5 years (SD 9.4y) for the ARSD and InterRett cohort respectively.
At the time of data analysis, 10 individuals from ARSD and 14 from InterRett had been diagnosed with cholelithiasis and/or underwent cholecystectomy. The youngest age of cholecystectomy was 3 years in one of the Australian females, who also had a diagnosis of Down syndrome. 17 The remainder of individuals in the ARSD cohort were 18, 20, 22, 22, 24, 25, 29, 30, and 31 years old. A similar pattern was noted in the InterRett cohort, with four individuals younger than 18 years (4, 12, 15, 17) , with the remaining (n=10) aged 18 to 47 years. The incidence rate of occurrence of gallbladder disease was 2.3 (95% CI 1.1-4.2) and 1.8 (95% CI 1.0-3.0) per 1000 person-years in the ARSD and InterRett cohorts respectively. This equates to approximately two new cases of gallbladder disorder if 100 individuals with RTT are followed for 10 years.
Part 2: Gallbladder function in a clinic sample
The mean age of the 25 females was 16 years 5 months (SD 10y 7mo) (range 3y 5mo-47y 10mo). A pathogenic mutation was identified in 17 out of 25, and no mutation or one with uncertain pathogenicity in eight out of 25. Twenty individuals were able to eat varied consistencies of food, three (12%) ate pureed food, and two were fed via a gastrostomy. Caregiver-reported gastrointestinal symptoms included recurrent unexplained vomiting in three out of 25 and suspected abdominal pain in nine out of 25. No history of gallstones or cholecystectomy was reported, although there was a family history in nine out of 24 cases. The females were usually underweight with a mean BMI z-score of À2.8 (SD 3.6, range À13.8 to 1.6). Laboratory data from fasting blood tests revealed slightly elevated bile acids in nine out of 25 patients and mild hypercholesteraemia in eight out of 25 patients. Glutamate dehydrogenase, complete blood cell count, electrolytes, liver and renal function tests, and also clotting tests were within normal ranges for age.
The biliary tract was normal in all participants, although the gallbladder was septated in six out of 25. There was gallbladder sludge in one out of 25 but no gallstones were found. The mean fasting volume was 7755 (SD 7898mm 3 ; n=16), and the mean residual volume 3624 (SD 3609mm 3 ; n=16). The mean contractility index was 46.5 (SD 38.3%) similar to what has been reported for Down syndrome 15 but lower than that reported for healthy controls (Table II) . 15 
Part 3: Assessment and management guidelines
The recommendations of the expert panel of clinicians are shown in Table III In summary, screaming and apparent abdominal pain were considered suggestive of gallbladder disease, often in association with fever and vomiting. 24, 25 After excluding gastro-oesophageal reflux as the source of pain, 26 the panel recommended diagnostic tests including ultrasound to examine for gallstones and a hepatobiliary iminodiacetic acid scan to examine the rate at which bile is ejected from the gallbladder. 25, 27 There was no consensus in favour of or against use of ursodeoxycholic acid to dissolve gallstones in RTT. In addition to appropriate analgesia, cholecystectomy was recommended for symptomatic biliary dyskinesia, cholelithiasis and in all symptomatic patients with calcified stones, 24, 28, 29 but not for those with cholecystitis or when asymptomatic (Table III) .
DISCUSSION
Our analyses indicate that the prevalence of gallbladder disorder in RTT is~2% in females who are followed for 10 years. This prevalence appears greater than in the general paediatric population but similar to that reported for individuals with Down syndrome. The gallbladder in females with RTT was small with poor contractility compared with healthy control females. Gallbladder disorders should be considered in the differential diagnosis when a female with RTT presents with abdominal pain and clinicians need to be aware of this possibility and its management.
Established in 1993, the ARSD ascertains cases from multiple sources, has collected longitudinal population data, 19 and is thus an ideal research tool to estimate the epidemiology of clinical aspects of RTT. The incidence was 2.1 per 1000 person-years in the ARSD cohort, equating to approximately two new cases of gallbladder disorder if 100 individuals are followed for 10 years. Analysis of the InterRett data found a similar incidence and, although not population-based, the sample size is large, 20 providing opportunity to confirm the population-based findings. These parallel analyses found that, although gallbladder cholelithiasis and/or cholecystectomy are still rare in RTT, they do occur more commonly than would be expected in females of a similar age in the general population.
Pain is the main symptom of gallbladder disease, usually occurring in intense and recurrent attacks, but it can become less severe and intermittent with time. If cholecystitis develops, there may also be symptoms of fever, jaundice, and vomiting. 26 The communication deficit in RTT creates additional challenges for the assessment of abdominal pain, which can be further complicated by altered pain sensitivity, with decreased sensitivity to pain observed more frequently than increased sensitivity to pain, although increased sensitivity to pain may relate to internal rather than external sources of pain. 18 Visceral pain possesses unique characteristics: both vagal and spinal afferents contribute to the sensory experience, and emotional and autonomic components are also strong. 30 It is not surprising that pain relating to gallbladder disease can be extremely distressing to the female with RTT and also problematic to diagnose. In the presence of abdominal pain, a thorough clinical history and examination taking account of gastrooesophageal reflux and gallbladder disorder should be included in the differential diagnosis. There is no consensus for medical treatment of gallstones with ursodeoxycholic acid in keeping with the poor evidence base for its effectiveness. Rather, if symptomatic, use of cholecystectomy was the treatment of choice. 24, 28, 29 Follow-up and clinical review of those with RTT who undergo cholecystectomy is necessary to develop the evidence-base for this painful comorbidity in RTT.
Ingestion of inadequate quantities of food and fluids, low levels of mobility, infections, and medications can all contribute to inadequate gallbladder contraction and emptying, leading to bile stasis, sludge, cholecystitis, and development of gallstones. 8, 24 Repeated episodes of cholecystitis cause scarring of the gallbladder and further loss of gallbladder motility. The gastrointestinal dysmotility frequently found in RTT may likely be associated with gallbladder disease. We found that the mean contractility index for our clinical sample was 46.5% suggesting gallbladder hypomotility, although there was no evidence of gallstones in any of the 25 individuals. This index was at a similar level to that reported (41.2%) in a small sample of Down syndrome patients (n=9) and markedly lower than reported (75.0%) for healthy control individuals (n=10).
15
In Down syndrome, gallbladder abnormalities have been found in 9.1% (6.9% cholelithiasis and 2.1% biliary sludge), 31 and diagnosed gallstones in 6.9% 9 and 4.7%.
13
Similar to Down syndrome, the immature enteric nervous system in females with RTT might have contributed to the dysfunction in the gastrointestinal tract. 32, 33 The exact pathophysiological cause of the problem has yet to be found, 33 although a role for aberrant MECP2 gene function in the pathogenesis of gallbladder symptoms is possible. Abnormal cholesterol metabolism has recently been identified in male Mecp2-null and female Mecp2 mutant mice. In comparison with control individuals, these mice had higher lipid concentrations thought to arise from systemic dyslipidaemia, which is also a risk factor for gallstones. 34 Although the underlying mechanisms are unknown, the mouse data support the idea that genes involved in lipid homeostasis are regulated by chromatinremodelling complexes that involve the MECP2 gene. 35 Biological processes associated with gallbladder function, such as cholesterol metabolism, biliary lipid secretion, lipid transport, and gallbladder contractility, are regulated by a variety of transcription factors and nuclear receptors including the liver X receptor, the farnesoid X receptor, and the oestrogen receptor alpha (ESR1). 36 The MeCP2 protein is involved in the epigenetic regulation of the oestrogen receptor alpha ESR1, 37, 38 and this receptor has been implicated in abnormal cholesterol metabolism leading to gallstone disease. 36 It is thus possible that aberrant MECP2 gene function contributes to gallbladder disease, through multiple gene regulatory pathways.
Epidemiological estimates were based on populationbased and longitudinal data, and any missing data would contribute to a higher estimate. Our prediction of occurrence is therefore more likely to be an underestimate. Our clinical sample was small but our findings were still statistically significant suggesting that Type II error was unlikely. For our consensus study, the level of evidence was low, and of necessity, our expert panel drew heavily on their clinical expertise.
We have conducted the first population-based estimate of the epidemiology of gallbladder disorder in RTT using the Australian Rett Syndrome Database, confirming the findings using the large sample size available in the InterRett. Our ultrasonographic data identified smaller gallbladder volumes and decreased contractility in RTT compared with healthy control individuals and similar to those with Down syndrome. Gallbladder disease appears to occur more commonly in RTT than in the general population and, therefore, is considered in the differential diagnosis of abdominal pain when it presents in this disorder. The consensus of 17 expert clinicians on the assessment and management of gallbladder disease in RTT represents a platform for the development of more consistent clinical care and research initiatives on this infrequent entity in a rare disorder. International Rett Syndrome Foundation (IRSF previously IRSA) for their ongoing support of the InterRett project and their continued encouragement of this international collaboration. The Australian Rett Syndrome Study was funded by the National Institutes of Health (5R01HD043100-05) and also by the National Health and Medical Research Council (NHMRC) project grant 303189 for certain clinical aspects. Helen Leonard was previously funded by a NHMRC programme grant 353514. Her current funding is from an NHMRC Senior Research Fellowship 572568. The funders have not been involved in decisions pertaining to study design, data collection, data analysis, manuscript preparation nor publication decisions. We also acknowledge the expert panel in the Delphi technique. (Names of the panel members can be found in Appendix S1, online supporting information). The authors have reported no conflicts of interest or financial associations.
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